The six-minute walk test (6MWT) has been broadly used in clinical settings. Several reference equations for prediction of the total distance walked during the test (6MWD) are available in literature. The present review aimed to critically discuss studies, published in Portuguese and English (LILACS, SCIELO, MEDLINE, PUBMED), which evaluated normal values and created reference equations for predicting 6MWD in healthy subjects, comparing them with the results that were recently obtained in Brazilian individuals. Age, sex, weight, height and body mass index were the main demographic and anthropometric features more often correlated with 6MWD. The equations derived from these characteristics were able to explain between 25 and 66% of the total variability in the 6MWD. Unfortunately, the foreign equations were not applicable to the Brazilian population. Even when the 6MWT was performed following strict standardization, the difference in 6MWT performance between foreign and Brazilian individuals remains, indicating the necessity of providing specific reference equations for each population and/or ethnic group. Accordingly, these equations developed in Brazil are probably the most appropriate for interpreting 6MWT performance in Brazilian patients with chronic diseases affecting the exercise capacity. Future studies are necessary with larger sample sizes (e.g. multicentric ones) and randomized design for the reference values of the 6MWD to be considered reliable.
Introduction
The use of field walk tests in patients with cardiorespiratory diseases results from the adaptation of the 12-minute run fitness test developed by Cooper 1 
.
This test was developed with the objective of verifying the level of physical fitness of the USA Armed Forces personnel. In its original format, the test consisted in running the longest possible distance in 12 minutes. In the 70s, McGavin et al 2 changed Cooper's run fitness test into a 12-minute walk test, with the objective of evaluating the exercise tolerance of patients with chronic bronchitis. The 12-minute walk test was adapted to shorter distances (e.g. two and six minutes), mainly because it was strenuous for patients 3 . On the other hand, the 2-minute test presented limited responsiveness, especially in less debilitated patients 4 . In this sense, the sixminute walk test (6MWT) became the most popular among the test with controlled duration and it consists in walking as fast as possible for 6 minutes.
The 6MWT was originally developed to evaluate the functional capacity, monitor the effectiveness of several treatments and establish the prognosis of patients with cardiorespiratory diseases 5 . Patients with such dysfunctions presented exercise intolerance due to malfunctioning respiratory and/or cardiovascular systems and peripheral and respiratory skeletal muscle dysfunction 6 . However, more recently, the test has been validated in several populations, including patients with fibromyalgia, cerebrovascular accident, amputations, morbid obesity, Down's syndrome, Alzheimer's disease and cerebral palsy, among others 5, [7] [8] [9] [10] [11] [12] .
In patients with cardiorespiratory diseases, oxygen consumption at the 6MWT does not significantly differ from the maximum oxygen consumption (VO 2 max) obtained at incremental laboratory tests performed in a cycle ergometer 13 . Therefore, it is possible to adequately estimate the VO 2 max by the distance walked at the 6-minute walk test (6MWD). That makes the 6MWT a simple and less expensive tool to assess the cardiorespiratory fitness 5 . The 6MWT is well-tolerated by patients and it is more representative of the activities of daily living (ADL) in comparison to other walk tests 14 .
Several demographic, anthropometric and physiological factors can influence the 6MWD in healthy individuals and in patients with chronic diseases. Shorter individuals and women present a shorter step length and, consequently, a shorter 6MWD. Elderly and obese individuals commonly present reduced lean body mass and, consequently, a shorter 6MWD. Demotivated individuals, those presenting cognitive deficit, arthritis and other musculoskeletal disorders also presented reduction in the 6MWD 15, 16 . Muscle strength, symptoms of depression, health-related quality of life impairment, medication use, systemic inflammation and pulmonary function alterations are other factors that can influence the test performance [16] [17] [18] . Due to its controlled features, the 6MWT is influenced by external complicating factors, such as effort spent and motivation 19 . Thus, the instructions and the encouragement given to the participants must be carefully standardized 5 . As Dourado Reference equations for the 6-minute walk test the walking velocity during the 6MWT is self-controlled, the 6MWD is extremely variable in healthy individuals 5 . In fact, the regression equations published in the literature for the 6MWT present great variability in their results. That is probably due to the differences between the assessment protocols, as well as the population-related differences 20, 21 . Although infrequently used in healthy populations 22 , there are reference values for the 6MWD when applied to children and adolescents [23] [24] [25] [26] [27] , adult individuals [28] [29] [30] [31] and healthy elderly individuals 16, 20, 21, 28, [32] [33] [34] [35] . Some of these values were obtained before the publication of the consensus of the American Thoracic Society (ATS) for the performance of the 6MWT 5 , which justifies, in part, the great variability of results.
Among the most popular equations are the ones developed by Enright and Sherrill20 and by Troosters and cols 21 . These were developed before the publication of the ATS consensus 5 and offer considerably different results. In fact, we recently observed that the foreign equations were not adequate for a Brazilian population sample 31 . Similar results have been described in other populations (e.g., Australians, Arabs, Tunisians and Singaporeans) 30, 32, 33, 35 . The explanation for the different performances observed among different ethnicities is not a simple one. The level of encouragement, the length and layout of the track and the number of tests performed for familiarization purposes significantly influence the 6MWD. Even when these variables are stringently controlled, the individuals' motivation during the test has an important contribution, as some studies differ significantly regarding the intensity at which the individuals perform the test, varying from 44.0-81.0% of the estimated maximum heart rate.
Additionally, the demographic, anthropometric and nutritional differences observed among the different ethnicities evaluated must be considered. Greater height and higher amount of lean mass observed in Caucasians have a significant impact on the 6MWD. Therefore, the ATS encourages the scientific community to use the standardization of the 6MWT suggested in its consensus and to develop reference values of the 6MWD for several ethnicities.
The erroneous choice of a reference equation can result in potential mistakes related to the interpretation of the level of physical fitness and the improvement of the 6MWD after interventions in patients with chronic diseases. Therefore, the deeper knowledge of the conditions under which reference equation was obtained is necessary. Hence, the objective of this literature review was to critically discuss the published studies (LILACS, SCIELO, MEDLINE and PUBMED databases) that evaluated the normal values and created reference equations to predict the 6MWD in healthy individuals, comparing them to those obtained in Brazilian individuals 23, 31 .
General characteristics of the individuals
To the best of our knowledge, there have been 19 studies that evaluated the normal values of the 6MWD. Of them, 15 studies evaluated the determinant attributes of the 6MWD through multiple regression and formulated some reference equation (Table 1) . Of the studies that formulated reference equations, 4 were carried out with children and adolescents 23, 24, 26, 27 , of which one involved Austrian children and adolescents 24 , one evaluated Tunisian children and adolescents 27 , one evaluated Chinese children and adolescents 26 and another evaluated Brazilian individuals aged 6 to 12 years 23 .
Two studies formulated reference equations for Italian 29 and Arab adult individuals 30 . Most studies evaluated individuals aged ≥ 40 years. These studies were carried out with individuals from the USA 16, 20 , Belgium 21 , Singapore 33 , Australia 32 and Tunisia 34, 35 . Two studies evaluated individuals across a wide age range 28, 31 , of which one study involved individuals from the USA 28 and another, individuals from two Brazilian towns (Santos and Botucatu, both in the state of Sao Paulo) 31 .
The several studies published to date have been quite heterogeneous. Some differences in the 6MWD among the studies are due to the test format (i.e., level of encouragement, length and layout of the track, number of test performed for familiarization purposes, etc). However, other population and clinical characteristics must be discussed.
Most of the studies involving adult and elderly participants presented mean BMI values that were representative of overweight. Few studies used BMI > 35 kg/m 2 as an exclusion criterion 20, 21, 30 . Obesity increases the workload for a given exercise intensity, decreasing the 6MWD. Individuals with BMI > 30 kg/m 2 walked approximately 85.0% of the 6MWD6 walked by eutrophic individuals in the study by Enright et al 16 .
Although the BMI is a useful clinical index of obesity, it cannot be considered as the best index to determine the amount of body fat. Additionally, the correlation between body mass and 6MWD is usually more consistent than the correlation between the 6MWD and BMI 16, 20 . Individuals with other cardiovascular risk factors, such those with as arterial hypertension and smoker, were also included in some studies [30] [31] [32] [33] . Individuals with BP controlled by medication and/or BP < 150/100 mmHg and smokers with no alterations in pulmonary function or respiratory symptoms were included in these studies [30] [31] [32] [33] . Arterial hypertension and smoking have a negative impact on the 6MWD 16 . Participants that presented cardiovascular risk factors walked significantly less at the 6MWT when compared to individuals without risk factors 16, 20 . The use of medications for cardiovascular diseases can also have a negative influence on the 6MWD 39 
.
Several studies evaluated the level of customary physical activity; however, to our knowledge, none of them directly evaluated the amount and intensity of daily physical activity. Some internationally validated questionnaires were used in some studies 31, 35 . Other authors used national assessment tools 27, 32, 34 . In other studies, the participants were simply asked about their participation in sports or vigorous physical activities 20, 21, 28, 33, 40 . The main advantages of the quantification of physical activity through a questionnaire are the low cost and the fact that it is easy to apply. However, such assessment tools Convenience sample. Fifty-three healthy individuals from Belgium between 50 and 85 years were evaluated The participants were relatives of the students from the local University.
The individuals were sedentary and were injury-free and had no history of hospitalizations or diseases capable of affecting the walking capacity.
Gibbons et al 28 Convenience sample. Seventy-nine individuals from the USA, aged 20 to 80 years, were selected by convenience from the local hospital and community through newspaper ads.
History of any disease, particularly asthma or other pulmonary diseases, stable angina or syncope episodes, heart disease, hypertension, arthritis, diabetes mellitus, cancer, neuromuscular disease, use of medications, abnormal spirometry and electrocardiographic signs of recent infarction, cardiac blocks, arrhythmias or ventricular ectopy. The participants were stratified as smokers, ex-smokers and nonsmokers. The 9 individuals identified as smokers were excluded from the study.
Enright et al 16 Convenience sample. Four hundred and thirty-seven healthy women and 315 healthy men from the USA, aged ≥ 68 years were assessed.
Regular use of gait-aid ortheses, resting peripheral oxygen saturation < 90.0%, incapacity to walk due to musculoskeletal problems, chest pain in the previous four weeks, myocardial infarction, angioplasty, heart surgery in the previous three months, resting heart rate < 50 bpm and > 110 bpm without ECG alterations, acute ST-segment and T-wave alterations at ECG, participant's decision or the team's conclusion that the participant was not capable of safely completing the test.
Chetta et al 29 Randomized sample. One hundred and two healthy individuals from Italy, aged 20 to 50 years (54 women) were assessed. The participants were volunteers from the University campus and the adjacent community.
All individuals were injury-free and had no history of hospitalization or chronic diseases capable of affecting their capacity to perform exercises. Additionally, they did not participate in sports activities and were nonsmokers.
Camarri et al 32 Randomized sample. One hundred and sixty-eight individuals from Australia were selected from a database used in a previous study. Of these, 25 were not located, 37 chose not to participate in the study and 38 individuals were excluded due to health problems. The final sample consisted of 70 individuals (33 men) aged 55 to 75 years.
Abnormal spirometry, use of medications that could affect the exercise capacity, BP > 150/100 mmHg, diabetes mellitus, recent respiratory infections, need to use gait-aid ortheses and neuromuscular and/or osteoarticular diseases that could prevent the walk test. Smokers that did not present pulmonary function alterations or respiratory symptoms participated in the study.
Poh et al 33 Convenience sample. Thirty-five individuals from Singapore, aged 45 to 85 years, were selected from community centers and the local adjacent community.
History of symptomatic cardiovascular disease, family history of atherosclerosis, diagnosed hyperlipidemia, resting BP > 150/100 mmHg, resting heart rate > 100 bpm, abnormal spirometry, metabolic disorders, recent respiratory infections, difference in lower-limb length, need to use gait-aid ortheses and musculoskeletal pain or disability. Smokers that did not present pulmonary function alterations or respiratory symptoms participated in the study.
Geiger et al 24 Convenience sample. Of the 640 individuals from Austria selected for the study, 280 boys and 248 girls completed the tests.
After physical examination to assess the general health status, the participants that were receiving drug therapy and that presented acute or chronic diseases were excluded from the study.
Li et al 26 Convenience sample*. One thousand, five hundred Chinese children and adolescents, aged 7 to 16 years were evaluated in Elementary and High schools, which were randomly selected. Twenty-three had asthma and one child presented heart disease. Eight hundred and five boys and 649 girls completed the 6MWT.
Cardiorespiratory problems (e.g. asthma, bronchiectasis, congenital heart disease and hypertension), problems capable of preventing the practice of physical exercises (e.g. neuromuscular or musculoskeletal diseases), hospitalizations in the three previous months, common cold/influenza in the previous four weeks and chronic use of medications capable of affecting the participants' performance during the walk test.
Masmoudi et al 34 Convenience sample. One hundred and fifty-five individuals from Tunisia, including 75 women, aged 40 to 80 years, were evaluated.
Active individuals, smokers and those with any chronic disease were excluded from the study.
Alameri et al 30 Convenience sample †. The participants were teachers at three public school, students, workers and visitors at the local University and employees of a public company. Of the 296 individuals evaluated in several regions of Riyadh, capital of Saudi Arabia, 58 (20.0%) were selected for the validation of the equation. The reference equation was created with 127 men and 111 women.
Individuals with history suggestive of cardiopulmonary diseases, current smokers or ex-smokers, those with recent respiratory infections, problems that could affect the walk test, basal BP > 140/90 mmHg, resting heart rate > 100 bpm, BMI > 35 kg/m 2 or abnormal spirometry were excluded from the study.
Ben Saad et al 35 Convenience sample. One hundred and twenty-five women and 104 mean from Tunisia, aged ≥ 40 years, were evaluated among the employees of a hospital and relatives of the students of the local University.
Individuals with contraindications to perform the walk test, current smokers, those with cardiopulmonary, metabolic or orthopedic diseases, morbid obesity or low weight and those undergoing chronic drug therapy were excluded from the study.
Continuation of Table 1 -Characteristics of the studies that formulated reference equations for predicting the walked distance at the 6-MWT
Ben Saad et al 27 Convenience sample. Two hundred individuals from Tunisia (100 males), aged 6 to 16 years, were evaluated.
Resting heart rate ≥ 120 bpm, hypertension, smoking, symptoms or diagnosis of cardiopulmonary, metabolic or orthopedic diseases, previous abdominal or thoracic surgeries, mental disease, incapacity to walk and altered pulmonary function.
Iwama et al 31 Convenience sample. One hundred and thirty-four individuals from Brazil, aged ≥ 13 years, were evaluated. The participants were selected among the students of a local University and employees of the hospital where the study was carried out, as well as individuals from the adjacent community.
Abnormal spirometry, diagnosis of cardiovascular and/or pulmonary diseases, any disorder capable of interfering with the capacity of walking (e.g. cognitive deficit, neuromuscular, metabolic or musculoskeletal diseases, or the necessity to use a gait-aid device) and use of medications for chronic diseases. However, individuals with controlled blood pressure, as well as smokers with no pulmonary function alterations or respiratory symptoms were included in the study.
Priesnitz et al 23 Convenience sample. One hundred and eighty-eight children from Brazil (92 boys and 96 girls), aged 6 to 12 years, were evaluated among schoolchildren from three local Elementary schools.
Neonatal history of respiratory diseases, chronic cough or wheezing in the previous 12 months, history of asthma medication in the previous 12 months, respiratory symptoms in the previous three weeks, gait limitations or any other disorder that the researchers deemed significant.
* -with randomization of the evaluation sites; † = with randomization of the sample (80.0% of the individuals) in order to create the reference equation.
are known to depend on factors such as: the perception and understanding of the questionnaire, individual characteristics (e.g., age, cultural status, schooling and cognition) and the type of calculation used to estimate the daily energy expenditure 41 .
Although some authors stated that their studies have been carried out in sedentary individuals 29, 34 , the questionnaires have limited capacity to define a sedentary life style in all its domains (e.g., amount and intensity of daily physical activity) 41 . In fact, our experience with Brazilian participants demonstrated that the correlation between the level of customary physical activity evaluated through Baecke questionnaire 42 and the 6MWD, although significant, was weak (r = 0.25; p < 0.01) 31 . Further studies using movement sensors are necessary for an actually sedentary sample to be analyzed.
In Brazil, the prevalence of overweight was 10.8% among children, 9.9% in adolescents and 28.3% among adults and the prevalence of obesity was 7.3%, 1.8% and 9.7%, respectively. The joint prevalence of overweight and obesity in the Brazilian population is higher in the female sex, with more than 50% of women in the Northeast and Southeast regions of Brazil aged 50 to 69 years presenting overweight and/or obesity 43 .
Body mass excess is a predisposing factor for hypertension and it can be accountable for 20.0% to 30.0% of cases of arterial hypertension. If, on the one hand, the inclusion of participants with the aforementioned cardiovascular risk factors makes the sample's healthy profile questionable, on the other hand, the inclusion of individuals with such risk factors make the samples more representative, due to their high prevalence. Additionally, among several demographic, anthropometric, clinical and physiological variables, BMI, hypertension, smoking status and level of customary physical activity were not chosen as determinants of the 6MWD, after the multiple regression analysis 16, 31 .
Other population and clinical characteristics must be considered. The 6MWD was 132-m and 30-m longer in individuals with higher level of schooling and better socioeconomic status, respectively 35 . After adjusted for age, sex, weight and height, among other factors, the Afro-American individuals from the USA presented a worse performance at the 6MWT, when compared to their Caucasian fellow countrymen and women. Investigators in Japan 47 , on the other hand, observed that the 6MWD walked by Japanese individuals was similar to the one reported for Caucasian individuals 20, 21 . In this sense, it is logical to speculate that a worse socioeconomic status, lower level of schooling and the degree of miscegenation, commonly found in the Brazilian population, can explain in part the inadequacy of the foreign equations when applied to our population.
Recently, Ben Saad et al 35 observed that women that had a higher number of deliveries (7 ± 1) presented a shorter 6MWD, when compared to women that had a lower number of deliveries (3 ± 2) 35 . Symptoms of depression and lower cognition have also been identified as factors that can negatively influence the 6MWD 16 . The cognitive-behavioral aspects have not been adequately appraised in most studies that formulated reference equations for the 6MWT.
The evident population diversity used to formulate the reference equations, associated to the different protocols used to perform the 6MWT, mostly explains the variability of results observed in the different studies. In this sense, it is logical to speculate that the equations that have been recently developed with Brazilian individuals aged 6 to 84 anos 23, 31 are the most adequate for our country. These studies 23, 31 , carried out in the states of Rio Grande do Sul and Sao Paulo, strictly followed the ATS recommendations 5 , which decreases the influence of the population profile as well as the test standardization.
Considering that Brazil is a country with continental dimensions, it is recommended that clinicians and/or researchers evaluate the usefulness of such equations in other regions of the country.
Associated features
Most studies emphasized the correlations between the 6MWD and age, sex, height, weight and BMI (Table 2) . These features were prioritized due to the fact that they are very easy to obtain. In this sense, the reference equations can be applied without the need to use sophisticated equipment. For a better interpretation of the correlations described in the literature, we will use the classification proposed by Lacasse et al 48 . In brief, coefficients of correlation between 0-0.20 are considered non-significant; those between 0.21-0.35 are weak; those between 0.36-0.50 are moderate and those > 0.50 represent strong correlations.
Age had a significant influence on the 6MWD in several studies. In studies involving healthy adult and elderly individuals, the correlation was a negative one 20, 21 . In studies involving children and adolescents, the correlation was a positive one 23, [25] [26] [27] . The correlation between age and 6MWD was not significant only in the study by Camarri et al 32 , probably due to the narrow age range assessed by the study (55-75 years) and the small sample size (n = 70). In some studies, the correlation was strong 21, 23, 25, 27, 28 whereas, in others, it was moderate 26, [29] [30] [31] 33, 35 . In some studies, the correlation was significant; however, the authors did not provide the values of the correlation coefficients 20, 24 . The shorter distance walked as age increased can be explained by decreases in muscle mass and strength and the maximum oxygen consumption, inherent to the aging process 49, 50 . On the other hand, the positive correlation between the 6MWD and age < 20 years is the result of the higher degree of maturation among adolescents, when compared to children.
The correlation observed between the 6MWD and height has been equally consistent. Some studies showed strong correlations 21, 25, 27, 32, 35 , whereas others showed moderate ones 23, 26, [28] [29] [30] [31] 33 . One study reported significant correlations; however, the authors did not provide the values of the correlation coefficients 24 . Similarly, some authors reported significant correlations between leg length and the 6MWD 24, 32 . Only the study by Enright and Sherrill 20 did not show a significant correlation between the 6MWD and height. The consistent correlation between height and the distance walked at the test can be attributed to the longer length of steps in taller individuals. The length of the step is one of the main determinants in gait velocity 51 .
The correlation between the 6MWD and body weight, on the other hand, showed to be little consistent in many studies 20, 21, 23, 28, 31, 33 . Gibbons et al 28 observed that age and sex were the determinant features of the 6MWD. In the study by Poh et al 33 , body weight was not selected as a determinant of the 6MWD. In a Brazilian study 31 , we observed that age and sex were the determinant features of the 6MWD. Additionally, we found a weak correlation between the 6MWD and BMI (r = -0.27) 31 .
Lammers e al 25 observed that age, weight and height were determinants of the 6MWD in children, together explaining 44.0% of the total variability of this variable. Age alone explained 41.0% of these 44.0% 25 . The authors also observed that the correlation between the 6MWD and body weight presented a linear characteristic only up to 30 kg 25 . From this weight up, the correlation presented a horizontal behavior. In elderly individuals, such correlation was not linear either, with a point of inflection at approximately 82 kg, after which the 6MWD started to suffer a negative influence of body weight 16 . When significant, the correlation between the 6MWD and weight is usually a weak or moderate one (r = 0.25) 32 .
The results described before suggest the little influence of weight on the 6MWD. However, it is more probable that this correlation had not been well-detected in linear regressions due to its curvilinear characteristic.
The influence of sex on 6MWD is a consistent one and has been described in several studies. Among Brazilian adult and elderly individuals, the men walked on average 61.5 m more than the women 31 . Similar results have broadly presented in the literature (Table 3) . On the other hand, some studies in children did not show an influence of sex on the walked distance 23, 25, 27 . Such result might be easily explained by the higher number of musculoskeletal similarities observed between the sexes before adolescence.
The influence of sex after the onset of adolescent can be attributed to the higher muscle mass and strength observed in men in absolute values. When the influence of sex is evaluated taking height into account, some reference equations predict similar 6MWD between men and women. For instance, Enright et al 16 observed, among asymptomatic elderly individuals, that the 6MWD of elderly men and women were not significantly different when corrected by height. The correlation between the 6MWD and height is not a linear one 25 . Until nonlinear methods are applied to compare the sex-related differences in the 6MWD, it is not possible to affirm that men and women present similar performances at the test.
Reference equations
There are reference equations for predicting the 6MWD in several populations (Table 4) . With the exception of 2 studies that were carried out with a randomized sample 20, 32 and two other large ones 16, 26 , the remainder vary regarding the number of individuals and analyzed age range; however, they present similar designs. In most studies, the reference equations were obtained by using linear multiple regression models, including demographic and anthropometric features as independent variables. Other variables, such as spirometric indices and heart rate response, were also selected as determinants in some studies 26, 32, 33 (Table 4 ). In our opinion, these last variables can be considered a problem. It is likely that patients with ventilatory limitations do not present the same association between the forced expiratory volume in the first second and the 6MWD observed in healthy individuals. Another problem is the use of indices that are obtained at the end of the test (e.g. the absolute alteration in heart rate or the percentage of maximum heart rate 26, 33 ) , considering that patients with cardiopulmonary diseases present abnormal physiological responses during the test. Therefore, the use of such indices can overestimate the exercise capacity of patients.
Peripheral muscle strength has also been identified as a determinant of the 6MWD 16 . Unfortunately, this index needs specific equipment and careful calibration so that it can be obtained. In this sense, the equations involving only demographic and anthropometric features, such as age, sex, weight and height, seem to be more useful in the clinical setting.
Regrettably, the equations developed in foreign populations were not adequate for Brazilian individuals 31 . We observed that the equations developed by Troosters et al (Table 5 ). The cause for such difference is multifactorial. Both the standardization used in the test (Table 6 ) and the ethnic-population and clinical differences must be taken into account.
Among the studies, the track length varied from 20 to 50 m, the number of tests used for familiarization purposes varied between one and four 21, 22, 28, 32 and, in some studies, the level of encouragement did not follow the recommendations of the ATS 5 , especially those published before 2002 [20] [21] [22] 32 . On the other hand, we observed that the equation developed by Enright & Sherrill 20 underestimated the 6MWD in Brazilian individuals, probably because the authors carried out a single 6MWT (i.e., with no familiarization tests) ( Table 6 ). Chetta et al 29 followed the recommendations by the ATS and developed an equation that slightly overestimated (32 ± 71 m) our results in healthy Brazilian individuals 31 . In this case, the difference is likely due to population differences, which have been previously discussed.
Such difference, even when the 6MWT is performed under strict standardization, emphasizes the need t evaluate the reference values that are specific for each population and/or ethnicity. The population and ethnic profile of our study was quite broad 31 , which can be attributed to the great internal and external migration, characteristic of the southeast region of Brazil. There are some data in the literature that suggest an influence of ethnicity on the physical fitness test performance [52] [53] [54] . Little is known about the physiological mechanisms of this difference. Predictive studies in populations from the USA and Europe found lower values among minorities, such as African-descendant and Latin populations, although the socioeconomic and nutritional status is a confounding factor in this case 55 .
The shorter 6MWD observed in the Brazilian population can be attributed, in part, to the multiracial profile of the urban population in our country, and therefore, lower values than those observed in populations that are predominantly Caucasian would be expected. Another noteworthy aspect is the anthropometric characteristic of each population. We observed that a sample of the Brazilian population presented lower height and higher weight (for the women) in comparison to those described for Italian individuals in the study by Chetta et al 29 .
It is possible that the 6MWD also presents diverse values in different regions of Brazil. Tavares et al 56 observed significant differences in the anthropometric and nutritional profiles among different regions of Brazil.
Finally, one must consider the level of physical exertion presented by the volunteers at the several studies. The heart rate attained at the end of the 6MWT varied substantially between moderate and intense levels 20, 32 , suggesting that the exertion was submaximal in some studies, in spite of the initial instruction emphasizing the walking of the longest possible distance within 6 minutes under standardized verbal incentive.
To our knowledge, two studies formulated reference equations to predict the 6MWD in the Brazilian population 23, 31 . Iwama et al 31 evaluated 134 healthy Brazilian individuals aged ≥ 13 years (73 women). The mean 6MWD was significantly higher in men (622 ± 80 vs. 551 ± 71 m, p < 0.05). The 6MWD was significantly correlated (p < 0.05) with age, height, BMI and level of customary physical activity42 (Table 2 ). Age and sex were selected as determinant variables, together explaining 30.0% of the total variability of the 6MWD. The predictive power described in the study by Iwama et al 31 for Brazilian individuals was similar to that described in the literature, using demographic and anthropometric features (r2 = 0.20 to 0.77)16,27.
Eighty-five individuals with characteristics that were similar to those of the initial sample were prospectively evaluated in another Brazilian research center, following the recommendations by the ATS 5 . The difference between the evaluated 6MWD and the one estimated by the developed equation was not statistically significant (-3 ± 68 m; p = 0.938) 31 . The assessed 6MWD represented 99.6 ± 11.9% of the predicted values 31 . Some authors evaluated the applicability of foreign equations and observed very similar results 32, 33, 35 . Priesnitz et al 23 evaluated 188 healthy children and adolescents aged 6 to 12 years (92 boys), selected by convenience in three Elementary schools in the city of Porto Alegre, state of Rio Grande do Sul, Brazil. Age, height, absolute difference in heart rate before and after the 6MWT (r = 0.30; p < 0.0001) and weight (Table 2) were the features that were significantly correlated with the 6MWD. Such features explained 36.6% of the 6MWD variability. Sex and BMI, however, were not selected as determinants of the 6MWD after multiple regression analysis. Table 7 presents the reference equations developed in the Brazilian population for children and adolescents 23 and for adult and elderly individuals 31 . These equations can facilitate the interpretation of the exercise capacity of Brazilian patients. The validity of such equations in our population should be investigated in future studies.
Few studies have evaluated the validity of the reference equations that they proposed 21, 30, 31, 35 . In addition to 27, 35 validated their equations in [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] prospectively assessed individuals and Alameri et al 30 validated their equation in a similar fashion in 59 individuals. In all cases, the reliability of the equations was acceptable and the authors recommended their use in similar populations.
Strategies for future studies
Of all the revised studies that formulated reference equations, only 4 carried out some type of sample randomization. The other studies used convenience samples. Li et al 26 developed the largest study to date. In this study, Chinese Elementary and High Schools were randomized for the performance of the evaluations. Alameri et al30 randomized 80.0% of the sample individuals to formulate the reference equation. The remaining 20.0% were enrolled in the cross-validation study of the developed equation. Although the sampling techniques developed by Li et al 26 and by Alameri et al 30 are capable of reducing the biases that are inherent to convenience sampling, these studies cannot be classified as randomized ones.
Li et al 26 randomized the schools; however, inside each school, the selection was carried out by convenience. Similarly, the randomization carried out by Alameri et al 30 minimized the sampling biases, but did not entirely work them out.
To date, therefore, only two studies can be considered to have been randomized ones 20, 32 . The practical, operational and economic limitations can explain the lack of multicentric studies of reference values for the 6MWD. This could be important, especially in countries with continental dimensions such as Brazil.
Further studies with considerably larger sample sizes (e.g., multicentric ones) and studies using a randomized sampling technique are necessary, so that the reference values of the 6MWD can be even more representative.
Conclusions
The 6MWD presents great variability in healthy individuals; however, an important part of this variability has been in general well explained by demographic and anthropometric features. The equations developed in foreign populations were not adequate for the Brazilian population. The equations developed in Brazil 23, 31 are, probably, the most appropriate to interpret the performance at the 6MWT of our patients with chronic diseases that affect their capacity to perform exercises. However, it is strongly recommended that such equation be validated in other regions of Brazil.
